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A 5 mL pressure vial was charged with polybutadiene (1, 50 mg, 0.416 mmol of vinyl group), sodium formate (2, 0.832 mmol), 2-phenylethyl alcohol (3a, 0.445 mmol), 2,2'-(1,4-phenylene)diethanol (3b, 0.197 mmol), 6-chlorohexanol (3c, 0.197 mmol) , Ru3(CO)12 (4, 0.0210 mmol), 2-pyridinemethanol (5, 0.0832 mmol) and 1,4-dioxane (1 mL). The mixture was stirred at 150 o C for 12 h. After cooling to room temperature, the mixture was concentrated in vacuo, and the residue was washed thoroughly with methanol and dried to give the multi-functionalized polybutadiene 6a (70% yield, 51 mg); 1 H NMR (400 MHz, CD2Cl2) δ 7.27-7.14 (br m), 5. 139.7, 138.7, 137.9, 136.5, 129.8, 129.5, 129.0, 127.1, 65.3, 64.0, 54.5, 54.3, 54.0, 53.7, 53.5, 45.5, 40.0, 39.6, 37.7, 37.2, 36.7, 35.8, 35.4, 33.8, 33.3, 33.2, 32.5, 30.8, 30.5, 29.2, 28.9, 28.4; IR (neat): 3456, 3026, 2958 IR (neat): 3456, 3026, , 2924 IR (neat): 3456, 3026, , 2854 IR (neat): 3456, 3026, , 2362 IR (neat): 3456, 3026, , 2046 IR (neat): 3456, 3026, , 2024 IR (neat): 3456, 3026, , 1974 IR (neat): 3456, 3026, , 1942 IR (neat): 3456, 3026, , 1737 IR (neat): 3456, 3026, , 1663 IR (neat): 3456, 3026, , 1604 IR (neat): 3456, 3026, , 1569 IR (neat): 3456, 3026, , 1515 IR (neat): 3456, 3026, , 1497 IR (neat): 3456, 3026, , 1457 IR (neat): 3456, 3026, , 1378 IR (neat): 3456, 3026, , 1264 IR (neat): 3456, 3026, , 1165 IR (neat): 3456, 3026, , 1051 ; Mw/Mn = 3.1724.
-Phenyl terminated polybutadiene ( 2, 144.9, 144.4, 143.7, 143.4, 132. 4, 132.0, 131.2, 130.8, 130.7, 130.5, 130.3, 130.1, 130.0, 129.1, 128.9, 128.5, 128.4, 126.3, 114.9, 114.5, 113.5, 112.5, 112.3, 54.5, 54.3, 54.0, 53.7, 53.5, 46.0, 44.4, 44.2, 43.1, 42.3, 41.9, 41.5, 41.3, 41.1, 40.0, 3 9.9, 39.0, 38.7, 38.2, 37.6, 36.8, 36.3, 36.1, 35.6, 34.7, 34.2, 34.1, 33.5, 33.1, 32.7, 32.1, 30.9, 28.3, 28.1, 26.3, 25.8, 25.7, 6.99; IR (neat): 3076, 2999 IR (neat): 3076, , 2972 IR (neat): 3076, , 2918 IR (neat): 3076, , 2855 IR (neat): 3076, , 1639 IR (neat): 3076, , 1453 IR (neat): 3076, , 1417 9 cm -1 ; Mw/Mn = 2.16.
3.2.
A typical procedure for synthesis of pyrene-modified polybutadiene ( 138.8, 137.7, 136.7, 129.6, 129.0, 127.1, 126.1, 125.5, 125.2, 65.3, 64.1, 53.5, 39.5, 38.8, 37.2, 36.8, 35.8, 35.4, 33.9, 32.5, 30.7, 30.4, 28.9, 28.3, 27.4, 26.5, 13.7, 13.1, 12.1, 11.3; IR (neat): 3456, 2958 IR (neat): 3456, , 2924 IR (neat): 3456, , 2854 IR (neat): 3456, , 2362 IR (neat): 3456, , 2341 IR (neat): 3456, , 2046 IR (neat): 3456, , 2026 IR (neat): 3456, , 1975 IR (neat): 3456, , 1944 IR (neat): 3456, , 1737 IR (neat): 3456, , 1649 IR (neat): 3456, , 1605 IR (neat): 3456, , 1454 IR (neat): 3456, , 1378 IR (neat): 3456, , 1264 IR (neat): 3456, , 1162 IR (neat): 3456, , 1052 138.8, 136.6, 129.7, 129.6, 128.9, 126.1, 125.2, 65.3, 64.1, 39.5, 35.3, 33.8, 32.3, 30.4, 28.9, 13.1; IR (neat): 3426, 2923 IR (neat): 3426, , 2854 IR (neat): 3426, , 2362 IR (neat): 3426, , 2342 IR (neat): 3426, , 1975 IR (neat): 3426, , 1735 IR (neat): 3426, , 1458 IR (neat): 3426, , 1380 IR (neat): 3426, , 1275 IR (neat): 3426, , 1261 IR (neat): 3426, , 1164 IR (neat): 3426, , 1049 cm -1 ; Mw/Mn = 3.3120.
Preparation of polymer modified silica nanoparticle (Fig. 2) -Preparation of 6-azido-1-hexyl ester, 2-phenylethyl ester and 4-(2-hydrox yethyl)phenethyl dimethallyl ester-containing modified polybutadiene (7):
A solution of 6-chloro-1-hexyl ester, 2-phenylethyl ester and 4-(2-hydroxyethy l)phenethyl ester-containing modified polybutadiene (6a) (51 mg, 0.026 mmol based on the amount of 6-chloro-1-hexyl ester) and sodium azide (0.26 mmol) i n DMF/THF (135 μL/109 μL) was stirred at 100 o C for 12 h. After addition of s aturated aqueous NH4Cl and dichloromethane, the organic layer was separated and the aqueous layer was extracted with dichloromethane 3 times. The combined organic layers were dried over anhydrous MgSO4, S6 filtered, and concetrated in vacuo. The residue was separated and the aqueous layer was extracted with di chloromethane 3 times. The combined organic layers were washed throughly with methanol and dried to
give 6-azido-1-hexyl ester, 2-phenylethyl ester and 4-(2-hydroxyethyl)phenethyl ester-containing modifie 9, 138.7, 137.8, 136.6, 130.9, 129.7, 129.5, 129.0, 128.8, 127.0, 65.2, 64.1, 54.5, 54.4, 54.3, 54.0, 53.7, 53.5, 52.0, 39.5, 39.0, 37.6, 37.2, 36.6, 35.7, 35.4, 34.7, 338., 33.3, 32.9, 32.4, 31.2, 30.7, 30.4, 29.4, 29. 2; IR (neat): 3417, 2925 IR (neat): 3417, , 2855 IR (neat): 3417, , 2361 IR (neat): 3417, , 2342 IR (neat): 3417, , 2251 IR (neat): 3417, , 2096 IR (neat): 3417, , 1989 IR (neat): 3417, , 1736 IR (neat): 3417, , 1672 IR (neat): 3417, , 1605 IR (neat): 3417, , 1514 IR (neat): 3417, , 1496 IR (neat): 3417, , 1459 IR (neat): 3417, , 1378 IR (neat): 3417, , 1262 IR (neat): 3417, , 1167 IR (neat): 3417, , 1052 ; Mw/Mn = 3.2519.
-Diazo group, 2-phenylethyl ester and 4-(2-hydroxyethyl)phenethyl ester-co ntaining modified polybutadiene (9): 6-azido-1-hexyl ester, 2-phenylethyl este r and 4-(2-hydroxyethyl)phenethyl ester-containing modified polybutadiene (7) (29.1 mg, 0.015 mmol based on the amount of 6-azido-1-hexyl ester) and a mixt 153.8, 144.0, 141.5, 139.5, 138.7, 137.7, 136. 6 , 1 3 5 . 5 , 130.9, 1 2 9 . 7 , 1 2 9 . 5 , 1 2 9 . 0 , 1 2 8 . 7 , 1 2 7 . 0 , 1 2 6 . 2 , 1 2 3 . 0 , 11 2 . 0 , 6 5 . 2 , 64.1, 54.5, 54.3, 54.0, 53.7, 53.5, 41.8, 40.7, 39.5, 35.7, 35.3, 33.7, 32.4, 30.7, 30.4, 28.8, 27.9, 27.3, 26. 5, 23.5; IR (neat): 3288, 2923 IR (neat): 3288, , 2853 IR (neat): 3288, , 2361 IR (neat): 3288, , 2341 IR (neat): 3288, , 1733 IR (neat): 3288, , 1676 IR (neat): 3288, , 1603 IR (neat): 3288, , 1456 IR (neat): 3288, , 1366 IR (neat): 3288, , 1262 IR (neat): 3288, , 1165 IR (neat): 3288, , 1136 IR (neat): 3288, , 1092 ; Mw/Mn = 1.9878. 8, 144.1, 138.8, 137.7, 136.6, 130.9, 129.7, 129.6, 129.5, 129.0, 128.8, 127.0, 1 26.3, 124.8, 124.2, 123.0, 112.0, 65.7, 65.2, 64.5, 64.1, 4.5, 54.3, 54.0, 53.7, 53.5, 40.7, 39.5, 35.7, 35.4, 3 3.9, 33.3, 32.5, 30.6, 30.4, 29.2, 28.9, 28.3, 27.4, 27.1, 26.8, 26.7, 26.5, 26.2, 25.9, 25.8, 14.6; IR (neat): 2 924, 2854 IR (neat): 2 924, , 2361 IR (neat): 2 924, , 2341 IR (neat): 2 924, , 1736 IR (neat): 2 924, , 1603 IR (neat): 2 924, , 1521 IR (neat): 2 924, , 1457 IR (neat): 2 924, , 1364 IR (neat): 2 924, , 1276 IR (neat): 2 924, , 1259 IR (neat): 2 924, , 1166 IR (neat): 2 924, , 1136 IR (neat): 2 924, , 1089 ; Mw/Mn = 2.3360.
2,5-dioxopyrrolidin-1-yl1-(3-(methylbis(2-methylallyl

-Preparation of 12 modified silica nanoparticle (15)
A 1 mL pressure vial was charged with silica nanoparticle (13, 50 mg), 12 (1, 3, 5, 8, 10, 20, and 40 temperature for 12 h and filtered, giving a solid that was washed with dichloromethane and acetone. The resulting solid was dried in vacuo to give 15 with different extents of loading. (br s); 13 C NMR (100MHz, CD2Cl2) δ 174.1 (CO), 169.8, 161.1, 143.5, 140.3, 138.7, 137.1, 136.5, 132.3, 131.7, 130.8, 129.5, 129.0, 127.0, 126.0, 125.0, 109.6, 66.2, 65.2, 35.7, 35.3, 33.8, 32.9, 32.4, 30.4, 28.8, 26.3, 26.0, 15.8, 25.6, 13.5, 13.1; IR (neat): 3444, 3054, 3028, 2925 IR (neat): 3444, 3054, 3028, , 2855 IR (neat): 3444, 3054, 3028, , 2728 IR (neat): 3444, 3054, 3028, , 2306 IR (neat): 3444, 3054, 3028, , 2060 IR (neat): 3444, 3054, 3028, , 1988 IR (neat): 3444, 3054, 3028, , 1813 IR (neat): 3444, 3054, 3028, , 1737 IR (neat): 3444, 3054, 3028, , 1672 IR (neat): 3444, 3054, 3028, , 1638 IR (neat): 3444, 3054, 3028, , 1605 IR (neat): 3444, 3054, 3028, , 1543 IR (neat): 3444, 3054, 3028, , 1516 IR (neat): 3444, 3054, 3028, , 1497 IR (neat): 3444, 3054, 3028, , 1456 IR (neat): 3444, 3054, 3028, , 1377 IR (neat): 3444, 3054, 3028, , 1265 IR (neat): 3444, 3054, 3028, , 1226 IR (neat): 3444, 3054, 3028, , 1205 IR (neat): 3444, 3054, 3028, , 1169 IR (neat): 3444, 3054, 3028, , 1073 IR (neat): 3444, 3054, 3028, , 1047 IR (neat): 3444, 3054, 3028, , 1014 
Measurements of fluorescence of nitrobenzene (Fig
